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ABSTRACT 
Oral and pharyngeal cancer (OPC) is the sixth most common type of cancer 
globally and is becoming more frequent in younger populations (age 45 and 
below). The two main factors influencing a person's risk for OPC involve the 
individual 's pattern of alcohol and tobacco consumption . Alcohol and tobacco are 
each associated with their own risk factors and morbidities, but when combined 
together the risk for OPC multiplies significantly. The combined consumption of 
alcohol and tobacco has detrimental effects on oral health , OPC being the most 
severe. Generally OPC is rare among younger individuals and tends to develop 
when people are greater than 60 yrs old . This new pattern of emerging OPC in 
younger individuals raises the question of whether or not the two age groups are 
exposed to common risk factors increasing the risk of early and more severe 
cases of OPC. 
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The current study will examine the pathogenesis and genetic pathways 
that are causative agents for OPC. Additionally, this paper aims to determine the 
direct pathogenesis that is involved individually with alcohol and tobacco 
products. Specifically we seek to determine the pathogenic effects when alcohol 
and tobacco are used in combination 
In conclusion , the findings of the study indicated that the two substances 
(alcohol and tobacco) have very similar effects at the molecular level. The effects 
that each exert involve the accumulation of DNA damage over time. Yet the 
exact pathogenic mechanism in which each substance affects the cellular 
function when combined is unknown. The theorized molecular mechanism 
involves alcohol increasing the permeability of the oral mucosa allowing tobacco 
carcinogens greater access into the tissue. Hence alcohol is a multiplying factor 
that increases the detrimental effects of tobacco. In conclusion the combined use 
of alcohol and tobacco greatly increases the chances of developing OPC in 
younger populations. By improving outreach and education of the public on the 
cumulative effects of tobacco and alcohol , especially at the high school and 
college level, a change in usage can hopefully be brought about leading 
decreased OPC in all populations. 
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INTRODUCTION 
Oral health is a key component to a patient's overall systemic health . 
Disease of the oral cavity is an indication of the individual's systemic health 
(Conaway, 2012) . Poor overall oral health can lead to diseases like diabetes, 
respiratory diseases, complications with newborns, and heart disease 
(Government of Canada, Health Canada, 2004; Saman, 2012). Previous studies 
have demonstrated that people with healthy overall oral health and a well 
balanced diet are at a much lesser risk for disease as they age (McCoy, 2010) . In 
this way educating young children on the importance of oral health is necessary 
to insure a healthy lifestyle as children grow and mature. The general population 
is exposed to several risk factors but none being as notable as alcohol and 
tobacco. Together they increase the risk of developing several oral and systemic 
diseases. Tobacco and alcohol are each associated with their own morbidities, 
but when combined together they become even more detrimental to a patient's 
oral health . 
Oral and pharyngeal cancer (OPC) is the 6th most common type of cancer 
globally causing an estimated 8,000 deaths a year (Saman , 2012) . Survival rates 
for OPC have not improved over the last couple decades. The latest analysis of 
the five-year survival rate for OPC, between the years 2002-2008, was marked 
around 60% (National Cancer Institute, 2012). Racial disparities are also an 
issue when it comes to dealing with OPC. OPC survival rate in African Americans 
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are the lowest of any population, with a five-year survival rate of around 37% for 
males and 53% for females (National Cancer Institute, 2009) . 
The main focus of this study will be to examine the individual and 
combined effects of alcohol and tobacco on the development of OPC. This paper 
will also provide an overview of general complications and diseases associated 
with alcohol and tobacco use. The problems that evolve at the systemic level 
when alcohol and tobacco are used individually and combined will be examined . 
Next, the pathogenesis and manner in which tobacco and alcohol interact in the 
tissue at the molecular level will be reviewed. This study aims to condense the 
major patterns that evolve at the molecular level leading to such serious diseases 
such as OPC. Specifically elucidation of pathogenesis of OPC development 
when the two substances are combined , verses either as a single entity is key to 
improved earlier diagnosis. Finally conclusions regarding the combined effects of 
alcohol and tobacco, and their molecular mechanisms will be finalized . 
2 
PUBLISHED STUDIES 
A. Tobacco use 
Unlike alcohol there are no beneficial health consequences to the use of 
tobacco products. Smoking causes roughly 85% of all lung cancers in the US 
(Center for Disease Control and Prevention (CDC), 2012). British physicians did 
a study in 1978, over a 20 year period, confirming that patients risk for lung 
cancer was associated with the duration of smoking (Reidy et al., 2011). 
According to the CDC, individuals who use smoking tobacco and smokeless 
tobacco products generally began during their adolescence (CDC 2012). This is 
an important statistic considering the longer the duration of smoking the more 
susceptible a patient is to lung cancer or other pulmonary diseases such as 
COPD (Chronic Obstructive Pulmonary Disease) . It is has been documented 
and theorized that tobacco companies are targeting the youth. According to 
recent studies and trends in the United States the age of adolescents who start 
smoking is decreasing across all races and genders (Figure 1) (Fiore et al. , 
1989). Reported in another case was the growing health concern involving two 
factors: (1) the age in which smoking was initiated, and (2) addiction to nicotine 
(US Department of Health and Human Services, 1989). Further education and 
actions need to be taken to reverse these alarming trends. 
Tobacco causes around 5 million deaths a year and is the most 
preventable cause of death in the world (American Cancer Society (ACS), 2011 ). 
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Tobacco products cause a series of debilitating diseases that affect the lives of 
millions worldwide. China alone has 1.2 million deaths a year that are smoking-
related (Zhu, 201 0) . Figure 1 illustrates the usage of tobacco products and how it 
increased during and after World War II. One of the predominant diseases 
associated with tobacco use is lung cancer. Lung cancer causes over 158,000 
deaths in the US alone as seen in Table 1 (CDC, 2012). Smokeless tobacco and 
smoking products contain various chemicals that are deemed carci nogenic. 
These carcinogenic materials are chemicals in tobacco products that consist of 
arsenic, ammonia, benzene, and TSNAs (Martin , 2012). These chemicals are 
what lead to the formation of abnormal growth and eventually neoplasms . Such 
chemicals like benzene and formaldehyde are proven to be some of the most 
potent carcinogenic chemical materials (Brooks, 1988). Other lung diseases 
caused by smoking consist of COPD, emphysema, and chronic bronchitis. Two 
studies done on cancer prevention showed a significant difference in COPD 
mortality rate between smokers and non smokers (American Council on Science 
and Health (ACSH) , 2000). These death rates varied according to sex with a 
COPD mortality rate : "73.6 deaths vs. 103.9 per 100,000 in male smokers; 17.6 
vs 61 .6 per 100,000 in female smokers" (ACSH, Olson et al. , 2000) . Tobacco 
products not only cause significant diseases and disorders among primary users 
but it also affects those surrouding those individuals through second hand 
smoke. Children who are exposed to second hand smoke 
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have a higher chance of developing pneumonia 
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Figure 1: Cigarette consumption in the US for adults in the 20th century (Figure 
taken from Sloan et al. , 2002) 
Table 1: Relative risk of cancer for smokeless and smoking tobacco users. 
Shown is the data for males and females aged 35 and older during the 1950-1965 
(CPS-I) and 1982-1986 (CPS-II) for 95% confidence interval (CI). Abbreviations- CPS: 
Cancer Prevention Society, RR: relative risk, (Table adapted from Wang et al. , 1997) 
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Tobacco products cause several types of cancer with lung cancer being 
the number one cancer caused by smoking and OPC being the third most 
common cancer. It is also common for the cancer to metastasize to other 
locations in the body such as the kidney, cervix, bladder and sexual organs. 
Cancer is the most serious of systemic diseases caused by tobacco products yet 
it causes less than half the deaths associated with tobacco products (ACS, 
201 0). Pancreatic cancer is also caused by tobacco smoking and the mechanism 
in which the cancer is caused is not quite known. Pancreatic cancer has the 
highest mortality rate of any cancer and has a 5 year survival rate of about 5.4% 
(Michaud, 2004) . 
It was reported in 2008 that cardiovascular disease caused 616,000 
deaths in the Unites States, which is one in every four people (CDC, 2008) . 
Cigarette smoking almost doubles the risk for coronary heart disease in people 
and also doubles the risk for hemorrhagic stroke and thromboembolic stroke 
occurring (ACSH , n.d.; Olson et al. , 2000). Smoking is also known to diminish 
blood flow in the legs and arms which is an obvious preindicator to some form of 
cardiovascular disease (ACS, 201 0). Smoking cigarettes is also associated with 
several other diseases and disorders ranging from reduced fertili ty, Type II 
diabtes, sexual impotence, and depression (ACSH , n.d. ; Olson et al. , 2000). 
While tobacco products are most notably recognized for their systemic 
effects on the human body; oral diseases and disorders are regarded as 
somewhat unimportant to the general population. There have been several 
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studies performed in order to establish a solid link between oral diseases and its 
direct cause. Diet has proven to be a main driving factor behind the formation of 
oral cancer. Previous studies have demonstrated that a low intake of vegetable 
and fruit increase the risk for oral cancer (Reibel , 2001 ). Oral diseases caused by 
smoking range from serious diseases such as periodontal disease, leukoplakia , 
and oral cancer (Reibel , 2003). 
Smoking cigarettes is generally the most detrimental form of tobacco, but 
other forms such as a smokeless tobacco are known for causing oral cancers 
(Department of Health and Human Services, 1989). A study done in Mumbai 
India concluded that smokeless tobacco has the same mortality rate of smoking 
tobacco if not more than cigarettes (Gupta et al. , 2000) . Statistics show that long 
term use of smokeless tobacco in individuals puts them at a 50% greater risk of 
developing oral cancer (Warner, 2012) . On top of the serious systemic health 
consequences smokeless tobacco will also cause problems such as painful 
sores, bad breath , cavities from the sugar in the smokeless tobacco, and 
exposed tooth roots (Warner, 2012). These asthetic effects on the oral health can 
also cause emotional and social stress due to the appearance of the teeth. Many 
individuals are under the delusion that smokeless tobacco is nowhere near as 
harmful as smoking products when they are actually quite mistaken. 
Certain patterns exist among races, gender and other populations where 
one population is more susceptible to certain risk factors making them 
predisposed to certa in conditions. These patterns became more apparent as 
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tobacco consumption became more prevelant in the US. Cigarette consumption 
dramatically increased after WWI and new trends started to emerge after people 
had prolonged exposure to tobacco products. The three main patterns involved 
in populations involve adolescents, infants and minorities (ACSH, Olson et al. , 
2000). Infant health risk is mainly associated with marternal smoking which leads 
to diseases and problems such as premature infants, low birth weight, higher 
chance of miscarriage, stillbirth , and death in neonates (Ananth et al. , 1996). The 
mean age for which cigarette smoking begins is an average age of 14.5 years 
and those who begin smoking at a young age more likely to experiment in illegal 
drug use (Rimm et al. , 1996; Breslau et al., 1996). A study that examined the 
patterns and the effects of tobacco in African Americans demonstrated that 
minorities have a higher intake of smoke per cigarrette, have higher rates of 
smoking related diseases, and have greater difficulty quitting (Perez-Stable et al. , 
1998). Tobacco is a serious detriment to human health and causes a reduction in 
the quality of life in thousands of individuals. A study done from 1995 to 1999 
concluded in an estimation that a person lost an average of 14 years of life due 
to smoking (ACS, 201 0). Tobacco is a material that causes oral diseases, 
cancers , and several systemic diseases. Later in the study we will go into the 
combined effects of alcohol and tobacco involvement and see how these two 
materials combine to form a very potent disease causing combination. 
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B. Alcohol use 
Alcohol abuse is common in the United States and affects about 14 million 
people, of which 80% of people between the ages of 21-22 reported consumption 
of alcohol within the last 30 days (National Institute of Alcohol Abuse and 
Alcoholism (NIAAA), 2012). The consumption of alcohol in moderate amounts is 
beneficial for overall systemic health by reducing the risk for heart disease, 
diabetes, gallstones, and strokes (Olson and Kutner, 2002). Previous studies 
have demonstrated that the consumption of one to two alcoholic beverages per 
day may be beneficial for your health (ACSH, Olson et al. , 2000). A study 
performed among a large group of Americans showed that by drinking one to two 
drinks per day their overall mortality was the lowest of any population, including 
those who abstained from consuming alcohol (Rehm et al. , 1995; Pearson , 1996; 
Duffy, 1995). The most significant evidence demonstrating that alcohol is 
beneficial to one's health is the protective effect of alcohol against heart disease 
such as coronary heart disease (NIAAA, 1997). Previous studies have suggested 
that red wine in particular contains protective compounds that significantly reduce 
the risk for coronary heart disease (Constant, 1997; Serafini et al. , 1998). 
Accord ing to the CDC survey, performed in 2007, heart disease is the 
leading cause of death in the United States just exceeding cancer (CDC , 2012) . 
Alcohol can be an integral part of achieving optimal health in an individual but 
abuse of this substance can have opposite detrimental effects. Some other 
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protective factors of alcohol include protection against infection , resistance to the 
common cold , and a unique inverse relationship with Type II diabetes (NIAAA, 
1997). Moderate alcoholic consumption allows some protective factors stated 
above, but not as substantial as low alcohol consumption . It is the abuse of 
alcohol where some characteristic diseases and disorders tend to show up. 
Liver disease is a commonly associated disease that follows alcohol 
abuse. The common cause of liver diseases is cirrhosis (scarring) which causes 
damage to the liver and then ultimately loss of function of some kind . A previous 
study examined the minimal amount of alcohol that was required in order to 
cause disease in the liver and they concluded that the consumption of 600kg for 
men, daily for 20 years leads to increases development of disease of the liver 
(NIAAA, 1997). The equivalence of 600kg of alcohol is 72 ounces of beer or 6 
beers. As for women the amount required to cause liver disease is equivalent to 
half the consumption of men (NIAAA, 1997). Alcohol is estimated to cause 40% 
to 90% of deaths associate with cirrhosis (Dufour et al. , 1993). Women also 
appear to be more susceptible to liver disease due to the lower amounts of 
alcohol that are required for onset of the disease (Anderson et al. , 1993). Heavy 
abuse of alcohol does not automatically lead to an eventual diagnosis of liver 
disease; the disease severity can vary depending on certain factors. Such factors 
that can influence disease are genetic factors and diseases already present in 
the system. These factors could involve the metabolic enzymes that degrade 
alcohol , the increased risk due the presence of hepatitis C or hepatitis B and 
11 
environmental factors such as cigarette smoke can also have an influence 
(NIAAA, 1997). 
Alcohol in moderation is known for having beneficial effects on systemic 
health, specifically dealing with the heart. Yet consumption of alcohol in high 
amounts has an inverse effect on heart health . Heavy drinking is defined as four 
or more drinks per day according to past studies (ACSH, Olson et al., 2000). 
When consumption of alcoholic products is prolonged over a period of years it 
can lead to cardiomyopathy, and eventual heart failure (NIAAA, 1997; CDC , 
1996). Another form of alcohol abuse is binge drinking where large amounts of 
alcohol are consumed in one sitting. Previous studies have demonstrated that 
binge drinking can increase an individual's risk for ischemic stroke especially in 
men (Hansagi et al. , 1995; Palomaki et al. , 1993). So this could be of concern 
among young adults and students who are notorious for binge drinking . Drinking 
more than two drinks per day puts men at an increased risk for hypertension 
(NIAAA, 1997). 
Alcohol is beneficial to your systemic health , but the question 
remains unclear for an unborn fetus. Women who are pregnant have no clear 
standard for safe alcohol usage during pregnancy (CDC, 2012) . Fetal Alcohol 
Spectrum Disorders (FASDs) are caused when women drink during pregnancy 
and are 100% preventable (CDC, 2012) . An important factor to consider is that in 
order to prevent FASDs a woman should not drink while pregnant or when she 
could possibly be pregnant. A woman could be pregnant and not find out for a 
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couple of weeks until she has a positive test. In that time the individual could 
have consumed excessive amounts of alcohol which could lead to further 
complications later in the pregnancy. Pregnant women who consume alcohol will 
have an increased blood alcohol level and within one to two hours the fetus will 
have the same blood alcohol level as the mother (Burd et al., 2012) . 
The fetus is a developing organism that is growing at a rapid rate and is in 
a fragile state. The fetus is unable to process the ethanol because of its reduced 
metabolic rate and the ethanol elimination is done by the mother's metabolic 
activity (Surd et al., 2012). Prolonged exposure to alcohol will have effects on the 
fetus and lead to certain conditions. Some of the signs and symptoms of FASDs 
are small head size, learning disabilities, abnormal facial features, low body 
weight, and intellectual disabilities (CDC, 2012). In more severe cases drinking 
during pregnancy may result in miscarriage, stillbirth , mental retardation, and 
death (NCBI, 2012). Once again this kind of abuse is completely preventable and 
is simply based on the actions of an individual who is either uneducated or 
irresponsible. In previous studies it was demonstrated that 40,000 infants were 
born with FASDs (DHHS, 2007). More education and awareness should be 
brought to light on this subject especially to pregnant women so such diseases 
would not exist. 
The most significant disease that is caused by excessive alcohol 
consumption is cancer. Previous studies done by the World Health Organization 
(WHO) have shown that 1.8 million people die each year due to some form of 
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alcohol use. Alcohol is regarded as a carcinogen to the pharynx and oral cavity 
according to International Agency for Research on Cancer (IARC, 2012). A 
French pathologist by the name of Lamu was the first ever to report that alcohol 
is a carcinogen of the oral cavity and pharynx (Zakhari, 1997). Table 2 below 
demonstrates that cancer is the most significant cause of death when it comes to 
alcohol abuse in the US and the world. The type of cancer that proves to be the 
most prevalent in most cases is OPC. Previous studies have demonstrated that 
oral cancer is the most frequent diagnosis when it comes to cancer and alcohol 
abuse (Saieva et al., 2011 ). It is clear that alcohol is one of the main risk factors 
when it comes to diseases and cancers of the oral cavity. Diseases due to 
alcohol abuse are mainly focused around OPC but other disorders are rampant 
depending on age and sex of the individual. 
14 
r-+ 0.. ll> ll> :;,- CD () ll> () 
r-+ < 0 0 CD :;,- :;,-
:::::1 0 0 0 
0.. "'0 - 0 
() :::::1 ro (/) :::::1 Table 2: Alcohol related deaths in the US and the world comparison . Division is ll> <0 < CD r-+ CD 0" CD 0" ...., 0 based on female and male categories (Table adapted from Rehm and Monteiro 2005) . ...., (/) CD 
-0 CD ll> r-+ ll> ll> (/) :E (/) 0" r-+ :;,-
r-+ 0 () CD rom 
CD () < ll> 3 < ll> CD :::::1 CD :::::1 r-+ () 0 
(/) () :;,- CD (/) DALYs• r-+ CD CD :""' Amerr..as 1os1 0 ...., () -· A, B, attribvlabla 
- -
:::::1 r-+ 0 Ab Bl> [)i.> ar¥:10 to alco!Y.JI WOrld )> 0 3 ·--.-.--- -··.---- ·--------- ~v------0' () ...., :;,- Disease categorl F' M' F M F M Total % F M Tota! 3 ll> 3 ll> (/) ll> (/) 0 Ma!crtlaland r-+ 
CD - 0" :::::1 perinatal conditions o• 0 0 0 0 0 0 0.0 1 2 3 N ll> CD Car.cer 7 to 7 10 1 1 36 12 .. 9 86 269 355 ll> 0 0.. 
...., 
..... 
"'0 CD (/) Nouropsychialiic conditions 2 7 2 14 0 2 27 9.7 19 91 111 CD N "'0 :::::1 Vascular CO!'ldilions -40 -27 16 48 2 4 3 u -124 392 286 ...., CD 
-
0 ro ll> Other nor-.coolmttnicahle ..... (J1 :::::1 "'0 (/) diseases 2 10 5 24 j 3 45 16.1 49 193 242 < -I :::::!. "'0 CD Unintentional injury 6 19 5 56 l 9 96 34.4 92. 484 577 0 :;,- ll> 0 (/) 
< CD r-+ ::::+ rn~an1ion~l injtJfi 2 8 3 55 0 3 71 25.4 42: 200 248 CD ...., CD CD ll> AI! deaths attribu1able 
0.. CD < 0.. (/) hHllcc:floJ -22 27 39 2{)7 6 22 279 10().0 166 1638 1 804 
:;,- 0 (/) Percent of a.!l deaths 
ll> :::::1 0 attributable to a.lcohole -1.6 2.0 3' 1.4.2 2.5 7.6 4 . .8 0 .6 5.6 3,2 :::::1 c () 
·" < 3 "'0 w· CD a OI<L 'I = disal;ilir;-ad)u;ll>d lila yearn. 
:::::1 CD 
...., r-+ 
bwHO d.aSS!Catt~ () ll> CD CD ...., :5 . 0.. t M = mllle, F = l<male. CD (/) :::::1 0 dNuml:<lrs are rooo:fed t.> ihe lli!arest ihoU$ilnd. 0 indica!<" ihslltmfe ,.\i!re l;r•"r ihen500 alw.cl·allrib<.'lable dec.fu in 1to1 cal<ey.>cy ll> 0 () c ~ - e The Ji'lrt~r,!~IJ cl dM.ths ~ttibul~i;io io ako.~ Uvil ~rm) 1\'3$ cn>~lla.t•Jd by d¥i<ing tl:e r,umbef olde~thH~rbu!>l~le fl) <11~o ll01 ~' a.ll dol!W; in ~~ m(Jio~ (/) ro 0" (/) r-+ 
:::::1 CD ll> :;,-<0 (/) CD (/) r-+ :E 
r-+ :::::1 CD c 
:;,- (/) 0.. 0 
CD (/) r-+ CD 3 r-+ 
c :;,- (/) CD 
:::::! . 0.. CD :::::1 (/) r-+ 
"' 
(f) ' () :;,- :E (/) :;,- ll> 
r-+ :;,-0 ...., ll> 0 
-
CD :::::1 0.. 
0" "'0 () :::::!. ll> 
ro 0 CD :::::1 0" ::::+ (/) 
"' c ll> CD :::::1 (/) (/) 0.. 0 <0 CD r-+ 
-
cancer (ACS, 2012). Studies have demonstrated that breast cancer risk is 
increased with increasing alcohol consumption. Figure 2 below demonstrates the 
linear relationship involved between relative risk of mortality and total alcohol 
intake in grams. The more grams of alcohol consumed then the larger the 
relative risk for dying. Breast cancer is the number cancer that affects women 
and it causes 41 ,000 deaths a year (CDC, 2012) . In order in to reduce this 
number preventable measures should be taken to eliminate unnecessary 
casualties of an already deadly disease. 
~ Men 
---Women 
-· ·-·· -·  Confidence Intervals 
Drink s per Day A l:cohol ·Consumpt ion 
6 7 
Figure 2: Linear relationship between alcohol consumption and relative risk 
(Figure taken from DiCastelnuovo et al. , 2006) 
Alcohol abuse statistics and research are mainly focused on systemic 
health while oral health is always a concerning issue that people tend to 
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overlook. Previous studies have tried to make correlations between hypertension 
and periodontal disease (Preedy, 2008) . Though the experiment was not 
statistically significant the initial hypothesis carries weight. This indicates how 
oral health problems can lead to systemic health . Previous studies have 
demonstrated that alcohol consumption is linked to periodontal disease (Preedy, 
2008). Alcoholic beverages today also contain sugars and mix drink components 
which have high amounts of sugar. These mixes and juices are acidic and 
obviously harmful for your teeth. Alcoholic beverages such as beer and wine are 
acidic, which can lead to the formation of caries (Ranka et al., 2000). Excessive 
consumption of alcoholic beverages can also lead to vomiting which can cause 
dental erosion on the lingual surface of an individual's teeth (Ranka et al., 2000). 
While oral diseases are not as severe as alcohol associated systemic diseases 
these oral diseases can be a sign of issues concerning a patient's health. 
When it comes to alcohol consumption and abuse there are several racial 
disparities that have been documented . People of low economic and social 
status are known to drink more alcohol than people of higher social status 
(NIAAA, 2002). In previous studies it has been shown that Hispanic and African 
Americans have the highest rate of alcohol abuse among minorities (NIAAA, 
2002). Living in poor communities with lower education levels and the stress 
surrounding these individuals can lead to more alcohol abuse. It was reported in 
studies that Hispanic and African American culture deals with alcohol in a more 
extreme manner (NIAAA, 2002). By extreme it means that it leads to more 
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people who abstain from alcohol and leads to those who abuse alcohol more. 
Another aspect to consider is the alcohol related deaths that are not due to 
ingestion but rather by accidents while under the influence of alcohol. It was 
reported by that there were 75,000 alcohol related deaths in 2001 (CDC, 2004 ). A 
disturbing statistic was young men in the US between the ages of 18-35 only 
made up 11% percent of the population yet they contributes to 35% of the 
drinking and driving incidents (CDC, 2011 ). It was also reported that in 85% of 
drinking and driving episodes individuals were also binge drinking (CDC, 2004 ). 
So it is clearly evident that binge drinking involving alcohol is very prevalent 
among younger populations and leads to several thousands of deaths which are 
completely preventable. 
C. Combined Effects of Alcohol and Tobacco 
Alcohol and tobacco each have their own individual risk and morbidities 
that they attribute to. When these two factors are combined the risk for 
developing oral disease, systemic disease, and oral/pharyngeal cancer increase 
(Claudio Pelucchi et al, 2006). The main focus of this paper seeks to shed some 
light on why this occurs when these two substances are combined. Studies have 
demonstrated that roughly 90% of alcoholics smoke cigarettes and of those 
alcoholics 70% of them smoke more than one pack a day; a rate that is seven 
fold larger than the regular population (ACSH, Olson et al., 2001). The risk for 
OPC among individuals who both smoke and drink is greater than the sum of the 
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independent risks of the two substances individually (Patten et al., 1996). This is 
an important characteristic of these two substances that will later be examined in 
the pathogenesis section of this study in detail. 
The incidence of oral cancer among young individuals is steadily growing 
(Llewellyn et al., 2003), especially in the case of younger white women and 
younger white men according to a study done by Shiboski et al., (2002). Figure 3 
depicts the increased diagnosis of oral cancer among younger individuals. 
Figure 3: The stage of diagnosis of various young white 
individuals. This figure depicts the increased diagnosis of oral 
cancer among certain populations. Specifically how the rate of 
oral cancer increased as well as the stage diagnosed increased in 
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The diagnosis of OPC at less than 45 years of age is relatively infrequent 
yet it still does occur (Hart et al., 201 0). Studies tend to demonstrate that the 
ages of 18 to 45 years are considered young when diagnosing OPC (Tverdal et 
al., 2011; Llewellyn et al., 2003). From the years 2005 to 2009 the average age 
of diagnosis for OPC was about 62 years of age (NCI, 2012) . The five year 
survival rate of OPC is dependent on the location of the cancer. If the cancer is 
localized the 5 year survival rate is around 80% and if disseminated the survival 
rate is around 35% (NCI, 2012). More than 90% of oral cancers are squamous 
cell carcinoma and 5% are adenocarcinomas (NJDHSS, 2012) . 
OPC is a growing trend around the world due to the growing use of 
alcohol and tobacco. People who smoke and drink are much more likely to 
develop some form OPC (Claudio Pelucchi et al., 2006). Those who eat 
vegetables , fruit and have certain beneficial dietary supplements have a much 
lower risk of developing some form of OPC (Claudio Pelucchi et al., 2006). 
Table 3 below reports numerous studies around the world and the various risk 
factors which contribute to the development of OPC. The language used to 
describe relative risk of developing OPC is termed Odds Ratio(OR) . The OR is 
used to examine the odds of an event happening in one group compared to 
another group. An example is examining the odds of oral cancer occurring in 
alcohol and tobacco users compared to control cases of people who are not at 
risk. This is what is exemplified below where you have different studies involving 
different individuals using different amounts of alcohol and tobacco. The heaviest 
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abusers of alcohol and tobacco exemplify the highest risk of developing OPC 
(OR's >1.0). Ors less than 1.0 indicate less risk than the reference group. 
Table 3: Risk and Protective Factors for OPC. OPC risk factors among various 
individuals in different regions of the globe. Several studies have found that smoking and 
alcohol use is associated with much higher rates of OPC (Table adapted from Saman , 
2012) 
Authors Year Study Study Cases Control Study Results (Ref.) Published Location Type 
Heavy Smokers OR = 
20.7; Heavy drinkers OR 
= 4.9; High tobacco and 
alcohol OR = 48 ; High 
Rodriguez Italy, Case- coffee consumption OR = 2004 137 298 0.25; High vegetable T et al. Switzerland Control 
consumption OR= 0.39; 
High fruit consumption 
OR= 0.73 ; High beta 
carotene consumption 
OR= 0.48 
Highest tertile of dietary 
Pelucchi Italy, Case- folate intake OR = 0.53; 2003 749 1772 Combined OR for low C, et al. Switzerland Control folate and high alcohol 
OR= 22 .3 
Greenberg 1991 United Case- 762 837 Low percentage of years RS, et al. States Control worked OR = 2.3 
Heavy drinking among 
Day GL, et 1993 United Case- 1065 1182 blacks OR = 17; Heavy 
al. States Control drinking among whites 
OR =9; 
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Previous studies have shown that OPC, squamous cell carcinoma in 
particular, is prevalent in the elderly populations with the appearance of tumors 
occurring well after 45 years of age (Hart et al., 2005). Studies have tried to 
compare the risk factors and cases of OPC between young and older populations 
with no significant evidence. The studies have concluded that the risk factors for 
OPC development in older and younger populations are correlated with one 
another (Llewellyn et al., 2003) . Yet the survival rate for younger populations is 
dismal at best which brings to question if younger populations have a more 
aggressive cancer (Hart et al., 2005) . Both African American men and women 
have a risk of diagnosis before the age of 50 that is two to four times greater than 
that of White men (Lee et al., 1994). The factors that surround this racial pattern 
have been argued between genetics and social concerns. Primarily the lack of 
health care access and available funds to poor communities contributes to this 
growing trend . Yet the exact reason for these patterns still remains unknown. 
Possible explanations include difference in etiologies of disease in differences in 
susceptibility, pathogenesis, or coexistent illnesses that lead to a rapid onset of 
disease (Lee et al. 1994). 
Dietary deficiencies have also been implicated in the onset of OPC (Ram 
et al. , 2011). A study performed in Uruguay demonstrated that the intake of 
Vitamin C in amounts greater of 745mg was shown to protect against developing 
OPC (Saman , 2012). The effects of Vitamin C are similar to that of vegetables 
and fruits making it difficult to distinguish whether the protective effect is due to 
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vitamin C alone or to a combined effect of multiple beneficial nutrients found in 
these food sources (Lucenteforte et al. , 2009). Previous studies have also 
demonstrated that high intake of red m~at increased the risk of developing OPC 
(Stefani et al., 2009) . Vitamin D also has a unique relationship in its benefits to 
prevention of OPC. Vitamin D intake has an inverse risk on OPC reducing it to an 
OR of .76 making it less likely to occur in the individual (Lipworth et al. , 2009) . 
This same study also found that heavy smokers who have a deficiency in vitamin 
D have an OR of around 10.4 (Lipworth et al., 2009) . As you can see many risk 
factors play a role in influencing the formation of OPC. This is why we need 
education to the general population on the idea of moderation in eating and also 
eating the necessary nutritious supplements to prevent such diseases as OPC . 
Generally associated with patterns of abuse are smokers who drink and 
drinkers who smoke . Therefore that brings into consideration whether nicotine 
has adverse effects contributing to that stimulated feeling that people feel when 
using substances. Previous studies demonstrated that tobacco usage increases 
the consumption of alcohol significantly (Barrett, et al. , 2005) . Dopamine is the 
pleasure drug released from the brain that is released in response to certain 
stimulants. The idea behind the use of alcohol and tobacco at the same time is 
an increase in pleasure. When smoking tobacco or consuming alcohol 
individually the amount of dopamine released is dose dependent (Melville , 2002). 
However when you ingest both alcohol and tobacco together the dose of 
dopamine becomes greater and hence more pleasurable. People tend to get 
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addicted to this feeling of pleasure which leads to the prolonged usage of both 
alcohol and tobacco (Melville, 2002). 
D. Pathogenesis 
Squamous Cell Carcinoma 
In order to understand the pathogenesis and complications that arise 
during OPC we have to understand squamous cell carcinoma. Squamous cell 
carcinoma develops in stages and has different areas of development depending 
at which stage the disease is present. The four different stages of the disease 
progress form stage 1 to stage 4 and are identified depending on their location 
and appearance of lesions (Burzynski et al., 1992). Previous studies have 
demonstrated that stage 1 and stage 2 lesions tend to dominate the area of the 
oral cavity and the oropharynx (Burzynski et al., 1992). Stage 3 and stage 4 
lesions, examined in the same study, dominated the area of the oral cavity and 
the oropharynx (Burzynski et al., 1992). So obviously there might be some form 
of invasiveness of the cancer when it progresses to different stages. When 
dealing with a cancer of this severity individuals should be aware of the five year 
survival rate for each stage of the disease. The survival rate depends on the 
spread and metastasis. When the disease stage is at stage 1 and the disease is 
localized the prognosis is 5 years (Burzynski et al., 1992). On the other hand 
when the disease has disseminated and is spread to areas of the pharynx the 
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survival rate was more approximately 2 years (Burzynski et al., 1992). Studies 
have found that the overall survival rate for Whites is approximately 58% while 
for African Americans it is only 34% (Silverman , 2001) . Metastasis to local lymph 
nodes is common of advanced stages of OPC but it is generally rare to spread 
below the clavicle (Silverman , 2001 ). The cancer does sometimes progress to 
other organs most commonly the lung (Silverman, 2001 ). Another area of the oral 
cavity that seems to be consistently susceptible to oral cancer is the tongue 
(Byers, 1998). Perhaps there is some predisposition of the tongue tissue to 
developing some form of oral cancer. OPC starts in the general area of the oral 
cavity but can spread and metastasize to vital areas of the body. This is why it is 
crucial to take precautions by educating individuals of the increased risk while 
also increasing preventative measures directed at early diagnosis of OPC. 
Pathogenesis of Tobacco Products 
Tobacco product deaths are estimated at over five million people 
each year (CDC, 2012). Scientists today continue to research various genes, 
pathways, and molecular mechanisms which may be responsible for 
tumorigenesis (Figure 3). Yet still today the exact molecular mechanisms of how 
tobacco influences systemic and oral health are unknown. 
One of the main pathways researched is the p53 pathway. In general 
"p53 is situated at the crossroads of a network of signaling 
pathways that are essential for cell growth and regulation and 
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apoptosis induced by genotoxic and non-genotoxic stresses" 
(The p53 website available at 
http://p53. free. fr/p53 _info/p53 _Pathways. html) 
Mutations of the p53 pathway are frequently found in cancers and neoplasms 
caused by tobacco carcinogens (Melina et al. , 2002; Vogel stein et al. , 2000; 
Vousden & Lu, 2002). 
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Figure 4: Demonstration of the formation of an oral carcinoma. Depicts overall 
growth and progression of the abnormal oral carcinoma. Displays the several mutations 
and upregulation of genetic factors which leads to the formation of the cancer. (Figure 
taken from Lippmann , 2005). 
Chemical components of cigarette smoke include free radicals 
which are capable of oxidative damage (Arora et al., 2001 ; Pryor, 1997). The first 
phase of the smoke of a cigarette is the gas phase which consists of unstable 
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oxidants such as NO (Hecht, 1999). Then the next phase is also known as the 
particulate phase, where free radicals are capable of causing oxidative damage 
(Pryor, 1997). These free radicals cause oxidative stress and DNA damage 
which can lead to the disruption of the p53 pathway (Figure 4). Yet the exact 
mechanism in which the oxidative stress damages DNA is unknown. 
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Figure 5: p53 pathway and involvement in human cancer. This figure displays the 
cellular damage which triggers the downstream activities of the p53 pathway. (Figure 
taken from Guimaraes et al. , 2002) . 
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The p53 pathway plays a vital role in cell function via DNA repair and cell 
function. The p53 pathway is implicated in almost 50% of all human cancers 
(Guimaraes et al., 2001 ). Figure 4 above illustrates how various outside 
stimulants, which lead to cellular damage, activate downstream activity which 
can eventually lead to uncontrolled cellular growth and differentiation. Various 
stimulants such as carcinogens or ultraviolet (UV) light can lead to the improper 
action of the p53 pathway. 
When we discuss p53 in this section our focus is specifically on the 
characteristics that tend to appear due to smoking. One common pattern hat 
develops in smokers is the identification of elevated p53 pathway expression 
(Field et al., 1991 ). This study also demonstrated the difference in expression 
between smokers and non smokers. The non smokers did not have a significant 
elevation of p53 whereas the individuals who did smoke or who had smoked 
heavily within the last ten years and quit, were identified as having significantly 
increased levels of p53 expression. This enhanced expression of the p53 
pathway inhibited the standard protective pathway over expression of tissue 
destruction signals and sometimes did not function at all. Smoking has also been 
linked to newly identified mutations that have not been seen before in other 
cancers. These mutations are fairly uncommon which makes them hard to 
diagnose initially and have to date prevented the establishment of a standard 
form of treatment for the patient. A study done in Japan demonstrated that heavy 
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smoking consumption leads to mutations in the p53 pathway coding genes 
involving simple mutations in the genetic coding (Suzuki et al., 1992). 
This study compared the unique mutations generated in smokers with 
specific coding sequences of patients in the US and Japan. The findings 
indicated that certain genetic mutations were the direct result of specific 
chemicals contained within cigarettes (Suzuki et al., 1992). They stated that G:C 
(Guanine:Cytosine) to T:A (Thymine:Adenine) switch commonly occurred due to 
a chemical contained in cigarettes called benzo-a-pyrene (Suzuki et al. , 1992). 
These mutations are uncommon in human cancers specifically p53 mutations yet 
they were identified in several of the tumors examined in the study (Suzuki et al., 
1992). During the study the only conclusive correlation they could make was that 
prolonged exposure to cigarette smoke is correlated with mutations in the p53 
gene (Suzuki et al., 1992). 
Previous studies have demonstrated that the majority of harmful 
chemicals that come from the inhalation of smoke are in the form of aerosol 
(Hoffmann and Hecht, 1990). These harmful chemicals consist of carcinogens 
such as benzene, formaldehyde, acetaldehyde, and polycyclic aromatic 
hydrocarbons (Hoffmann et al., 2001). In a previous study researchers 
demonstrated the harmful effects of cigarette aerosol in the form of cigarette 
smoke condensate (International Agency for Research on Cancer, 1986). The 
study concluded that when these cigarette condensates were applied to mouse 
skin and implanted in rodent lung the result was the development of tumors in a 
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"reproductively and robustly" manner (International Agency for Research on 
Cancer, 1986). The same study also concluded that inhalation of cigarette smoke 
induced pre-neoplastic lesions as well as malignant and benign tumors of the 
larynx region (International Agency for Research on Cancer, 1986). 
Nicotine is another component of cigarettes that tends to perpetuate the 
cycle of tobacco abuse and alcohol abuse. Though nicotine is not a carcinogen it 
causes individuals to use tobacco at a consistent rate throughout life. The 
general population that consumes tobacco products tend to ignore the health 
warnings surrounding tobacco mainly due to the addictive affects brought on by 
nicotine. Studies have clearly demonstrated that addictive nature of nicotine 
which leads to further damage with the use of tobacco products (Changeux, 
201 0). Prolonged use of nicotine containing products also leads to effects on the 
Central Nervous System (CNS) which include tolerance, cravings , and 
dependence (Russo et al., 2011). This dependence and cravings lead to an 
increased use of tobacco and further buildup of nicotine in the system of 
individuals. More cravings leads to more smoking which leads to further risk of 
developing some form of malignant malformations. 
For years the general understanding of nicotine was that it was an 
addictive substance that had no direct effect on the body. New studies suggest 
that nicotine itself causes DNA damage via oxidative stress to certain respiratory 
epithelial cells (Russo et al, 2011). Another study suggested that nicotine 
promoted the development of head and neck cancer through the activation of 
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FOXM1 gene which is responsible for a variety of transcription factors 
(Gemenetzidis et al., 2009). This is crucial evidence that could eventually lead to 
further studies of nicotine and its malignancy producing power. Though these 
studies have been debated and discussed this is the first piece of solid data 
correlating the causative signaling mechanism to nicotine damage. 
Oral cancer caused by tobacco is directly linked to prolonged usage often 
assessed as packs smoked per day per x number of years . Figure 5 above 
displays tissues that are either normal oral mucosa, squamous cell carcinoma 
(SCC), or some form of skin irritation due to tobacco use (Langdon et al. , 1992). 
The figure demonstrates the localization of p53 in several cancer samples, 
proving that a mutation in the p53 tumor suppressor gene can cause it to be 
converted into a mutant p53 form (Langdon et al., 1992). This mutant p53 gene 
has been converted from a recessive tumor suppressor gene into a dominant 
oncogene form and together with another oncogene is able to transform cells 
(Hinds et al., 1989). This evidence concludes that p53 is a factor which leads to 
the transformation of normal oral mucosal cells into possible malignant growths 
in the oral cavity. Figure 4 clearly demonstrates the localized areas of p53 and 
display how the increase in expression leads to more deformity at the cellular 
level. 
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Figure 6: Demonstration of various samples of oral mucosa stained for 
immunohistochemical localization.:. Identifies expression of p53 at various sites for 
several samples at different manginitudes. Samples were taken from the oral mucosa 
consisting of oral mucosa cells . (Figure adapted from Landgon et al. , 1992) 
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Another issue surrounding the diagnosis and the evaluation of potential 
cancer causing cells is their physical appearance. Evaluating the lesions overall 
in terms of physical appearance and size is crucial in diagnosing the potential of 
the cancer progression . By examining different aspects such as size, shape, 
color and thickness practitioners are able to infer the current pathological state of 
the cancer (Schmidt, 2006). Tumor size has been an inconclusive physical 
aspect as researchers have demonstrated that even stage 1 of the sec tumor 
has potential to be metastasized (Byers et al., 1998). Researchers also 
concluded that if cervical metastasis is greater than 20% then treatment of the 
neck is a necessary part of any treatment plan (Byers et al., 1998). Previous 
studies have demonstrated though that the only physical aspect that has 
relevance during planned treatment or metastasis is tumor thickness (Spiro et al., 
1986). In one study by Spiro et al. the authors concluded that tumor thickness 
less than 1.5mm had an incidence of cervical metastasis of 1.8%, while tumor 
thickness greater than 2mm had a incidence of cervical metastasis of 48% 
(1986). This suggests that the greater the thickness the more potential 
invasiveness of the sec. 
A crucial physical pathologic characteristic that was identified in another 
study by Yamamota et al. was examining the difference between SCC cells that 
are spread over a broad range and those compacted in separate packets of 
invading cells (1984). This kind of information is invaluable to pathologists who 
are able to obtain samples from patients and then are immediately able to help 
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differentiate the invasiveness of the SCC. Certain steps taken by physicians are 
to examine the growth and development of the oral cancer. According to certain 
studies practitioners will map out the genetic progression during cellular growth 
and development of the SCC tumor (Kim et al., 2004). This allows for physicians 
to find the source of the cancer growth, whether it is the activation of an 
oncogene or inactivation of a tumor suppressor gene (Fearon et al., 1990). 
These molecular and genetic analyses allow the practitioner to intervene early, 
prior to the formation of a life threatening malignancy. Genetic alteration 
precedes phenotypic alterations which is why it is so crucial that more genetic 
research be conducted. The potential for life saving treatments and possible 
highly effective treatment for OPC lies in better elucidation of the genetic factors 
involved in increased risk and in the signaling mechanisms at the gene level. 
Pathogenesis of Alcohol Products 
While tobacco seems to take the brunt of the scientific focus when it 
comes to cancer, alcohol is the silent factor going relatively unnoticed. Later we 
will examine how the pathology of alcohol and tobacco overlap but for now the 
primary focus will be on how alcohol acts individually in the human body. The 
focus we seek to display in this study is the metabolism of alcohol , the effects of 
alcohol on cellular function and structure, as well as its effects on surfaces such 
as the oral epithelia. 
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If making a comparison to smoking , one can think of the ethanol content of 
alcoholic beverages as the nicotine of cigarettes. Yet there has not been enough 
conclusive evidence derived from studies to make any strong correlations 
supporting the notion that alcohol is directly cancer causing (Wight & Ogden , 
1998). It is important to examine the effects of alcohol considering the fact that 
the younger generations are smoking less although alcohol consumption is 
increasing (Hindle et al. , 2000) . With growing alcohol trends that are tilting to 
excess consumption new public awareness strategies need to be developed to 
reduce unhealthy drinking habits, especially in teens and young adults. With a 
better understanding of how alcohol relates to such diseases as OPC the health 
community will be better able to manage the new patterns emerging in alcohol 
related diseases. 
The main constituent of alcoholic beverages is ethanol and each alcoholic 
beverages contains different percentages of ethanol. Table 4 below 
demonstrates this point by breaking down the various components of alcoholic 
beverages. The alcohol percentage seems to play a factor in influencing the 
permeability of some tissues in the oral cavity. Studies have shown higher 
concentrations of ethanol are able to increase the permeability of the oral 
mucosa allowing certain carcinogens to pass through via intracellular passage 
(Howie et al., 2001). The study also found that certain alcohol concentrations , 
such as 15% ethanol , are more effective in penetrating the oral mucosa (Squier, 
1991 ). 
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Table 4: Different types of alcohol and the alcohol content. Displays 
different beverages and the constituents within each beverage ranging 
from the source to the alcoholic content. (Table taken from Alcohol 
Content Database from www.alcoholcontents.com) 





















An important aspect to consider when ingesting potentially harmful 
materials into the human body is the potential harm it may cause to systemic 
health. An important factor in cell homeostasis is normal cellular function and 
molecular function . If the oral epithelial cellular function is disrupted by alcohol 
then the physical parameters of the underlying cells contained within the tissue 
will be altered. Previous studies have demonstrated the difference between 
endocytotic function in non alcohol abusers and alcohol abusers, with the results 
indicating a 50% decrease in endocytotic function in the alcohol abusers (Ogden, 
2005). A separate but similar study aimed to examine the mean cell diameters of 
buccal mucosal cells and discovered that there was a significant decrease in 
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diameter of cells by roughly 20% in alcohol abusers (Axford et al. , 1999). Such 
distinctions including a clear correlation between type of alcohol (beer, wine, hard 
spirt's) and cell shrinkage of cells and loss of function should be pursued. 
In order to better understand how alcohol abuse could lead to oral cancer 
~me must examine the way alcohol is metabolized in the body. One of the main 
metabolites of alcohol is acetaldehyde, which is a known carcinogen (Figure 6) 
(Seitz et al. , 2007). Therefore it is important to examine what the human body 
uses in terms of enzymes to break down this possible cancer causing agent. It 
was described in a study involving lab rodents that administration of 
acetaldehyde over a period of time to drinking water caused changes in cellular 
growth of mucosa cells of the upper digestive tract (Seitz et al. , 2007). Figure 6 
demonstrates the necessary steps needed to break down alcohol once it 
ingested into the human system and will be discussed later. 
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Figure 7: Pathway and enzymes involved in ethanol breakdown. This pathway 
demonstrates the necessary enzymes and complication that it takes to break down 
alcohol. (Figure taken from 
http://www.bio.davidson.edu/people/kabernd/BerndCV/Lab/Online_website2/ethanol .htm 
I). 
Acetaldehyde is implicated in numerous complications as a carcinogen, 
causing abnormal growths, and disrupting function. Acetaldehyde has been 
implicated in interfering with cell reproduction, increasing transformation and 
inflammation of cells in the trachea, and finally enhancing cell injury in certain 
mucosa cells such as the gastrointestinal tract (GI) (Seitz et al., 2007). 
Acetaldehyde has been implicated as the primary agent in causing point 
mutations or substantial chromosomal damage during DNA reproduction (Obe et 
al., 1986). It's metabolites have also been shown to inhibit DNA damage repair 
which is a possible link to inhibition of p53 pathway (Seitz et al., 2007). 
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A study by Jokelainen et al. also determined that acetaldehyde can be 
found in your salvia which can be used to determine alcohol abuse (1996). The 
authors concluded that acetaldehyde in the saliva is a risk for OPC and that the 
risk for OPC increases with the increased concentrations of acetaldehyde 
(Jokelainen et al., 1996). Alcohol dehydrogenase (ADH) is the principal enzyme 
responsible for breaking down alcohol when it enters the metabolism phase as 
depicted in Figure 8). Researchers have noted that acetaldehyde genetic 
variants are key in alcoholics, allowing acetaldehyde to build up in the human 
body (Seitz et al., 2007). The major source of alcohol metabolism takes place in 
the liver(Li, 2006). 
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Figure 7: The metabolism of alcohol in the Liver. Diagram that lays out the path 
taken by alcohol as it travels through its digestion and through the liver (Figure taken 
from Li, 2006) 
There are seven different isozymes of ADH which are encoded by seven 
different genes, grouped into five classes based on structural factors (Seitz et al., 
2007). The class I enzymes are the ones primarily responsible for alcohol 
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metabolism and they consist of ADH1A, ADH1B, ADH1C; each consisting of 
different rates of activity in terms of alcohol metabolism (Bosron et al., 1993). 
These variant enzymes have different alleles each and differ in their activity and 
conversion from ethanol to acetaldehyde (Bosron et al., 1993). For example, the 
ADH 1 B*2 allele encodes for an enzyme that is 40 times more active than its 
counterpart allele ADH1 B*1 (Bosron et al., 1993). The faster the activity of the 
enzyme then the higher rate at which acetaldehyde is converted from ethanol. 
This leads to an accumulation of acetaldehyde at a toxic level which not only puts 
individuals at risk for the development of oral cancer but also for symptoms such 
as sweating, increased heart rate, vomiting and more (Seitz et al., 2007). 
Individual carriers of certain ADH alleles who tend to drink excessively put 
patients at increased risk for oral cancer who tend to drink excessive alcohol 
consumption. Previous studies have demonstrated the risk for OPC by 
comparing the functioning activity of the enzyme ADH1 C and its alleles (Brennan 
et al., 2004). The study compared the risk for oral cancer between the activity of 
enzyme ADH 1 C*2 and ADH 1 C*1 alleles and concluded that the expression of 
ADH 1 C*2 put an individual at 40 times greater risk for oral cancer than ADH 1 C*1 
(Brennan et al., 2004). This study was carried out by analyzing individuals who 
were designated as chronic alcohol consumers who drank more than 8 alcoholic 
beverages daily. Future research should target ways to analyze the genetic 
expression in individuals in terms of specific enzymes and alleles. In this manner 
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practitioners can understand if consuming alcohol would put an individual at a 
greater risk than other people. 
Combined Pathogenesis of Alcohol and Tobacco 
The primary focus of this study was to dissect the cancerous effects of 
alcohol and tobacco in the oral and pharyngeal region . Yet the true answer has 
been shrouded in a field of uncertainty and lack of technology limiting discovery 
Researchers have argued that the effects of alcohol and tobacco work 
independently of one another (Olsen et al. , 1985). Yet epidemiological studies 
have demonstrated that the combined effects of alcohol and tobacco impose a 
greater risk for developing OPC than either substance individually (Lopes et al., 
2012) . Studies have shown that the actual risk for people who both smoke and 
drink is seven fold greater compared to that of the normal population (ACSH, 
Olsen et al., 2001 ). 
Researchers have found it hard to discriminate the gross morphologic 
pathologic mechanisms that are involved when alcohol and tobacco combine. 
Previous studies by Baron et al. have shown that the actual microscopic level 
damage done by alcohol and tobacco is very hard to differentiate so they simply 
hypothesize factors that contribute to each substance (1993). Initially, 
researchers evaluated the effect of exposure on gross anatomical location. 
Results demonstrate that alcohol exerts its primary effect on the esophagus while 
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smoke is primarily exposed to the larynx (Baron et al. , 1993). These studies 
suggest that the risk of developing OPC is equal to the risk for tobacco exposure 
multiplied by the added ethanol exposure (Olsen et al., 1985). Researchers have 
made significant headway into elucidating the direct causes of OPC at the 
molecular level. Ram et al theorized that the effects of alcohol and tobacco work 
in unison by alcohol augmenting the effects of tobacco (2011 ). They suggest that 
alcohol enhances the detrimental effects of smoking by increasing the 
permeability of various oral mucosa cells (Ram et al., 2011). This results in 
greater exposure to carcinogens contained in tobacco products as well as the 
acetaldehyde that is converted and held in the saliva of the human mouth. With 
the combined tandem of carcinogenic material being exposed to surfaces in the 
oral mucosa one can begin to predict the amount of damage that will ensue in 
cells. Instead of an individual substance that contains carcinogens acting on one 
tissue you now have two carcinogens leading to multiple by-products working 
cumulatively . To date there are no conclusive studies linking DNA damage and 
irregular growth at the molecular level to the original risk factor (alcohol and 
smoking byproducts). 
Researchers indicate that the key to understanding the molecular 
process in which oral cancer develops lies in genetic patterns and gene 
expression (Ram et al. , 2011) . Researchers in the field concluded by saying 
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"The complete understanding of molecular pathology of 
Oral Cancer(OC)and its association with causative agent will 
require another decade of research" 
(Adapted from Ram et al., 2011) 
This is inconclusive evidence from several researchers reporting that the 
exact mechanism in which OPC develops due to alcohol and tobacco is 
unknown to this point. The only logical explanation to develop from this 
point is too make assumptions based on the individual patterns of alcohol 
and tobacco and then hypothesizes ideas for future research . Some of the 
common hypotheses we can generate are based on how each substance, 
whether it be alcohol or tobacco, is able to progress DNA damage. Further 
studies in this field should make some kind of endeavor to research how 
these two substances act as a type of a tag team. Tobacco as referenced 
above by some studies has been known to cause mutations in the p53 
gene interfering with DNA repair. Then alcohol enters the system and 
damages the DNA of a cell when acetaldehyde is broken down by an 
isoenzyme variant that has a faster conversion rate. The result is a cell 
that has a lack of DNA repair and a huge amount of carcinogens that 
continue to damage the cell and a progressive manner until the cell 
reaches a state of neoplasticity. 
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DISCUSSION 
OPC is a growing form of cancer that is increasing across all age groups. 
Several studies have either elaborated on the effects of alcohol or tobacco 
individually. Yet there is a lack of research regarding the combined effects of 
alcohol and tobacco on the human. Additionally, the research usually is in the 
form of epidemiological research concerning trends and statistics rather than 
working to understand the pathogenesis. Further research needs to be 
performed in order to elucidate the molecular mechanisms involved when these 
two substances combined. 
Statistics reported according to the NIAAA indicate that alcohol use is on 
the rise in the United States more so than tobacco. Alcohol in general has been 
ignored as a serious contributor to the cause of OPC but really the cases of OPC 
are increasingly more advanced due to alcohol exposure. Alcohol alone causes 
an estimated 1.8 million deaths per year according to the WHO (2012) . 
According to the NIH alcohol deaths have been attributed to motor vehicle 
accidents, overdose, and some form of cancer (2003). According to a study done 
by McCoy alcohol has also been attributed to many diseases of the systemic 
health as well as oral diseases due to the contents of the beverages. Racial 
disparities have been reported by the NIAAA in low economic standing 
communities particularly among the African American community (2003). 
Alcohol has clearly been shown to produce carcinogens when 
metabolized. The presence of these carcinogens has also been correlated with 
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the development of neoplasm or oral cancer according to a study done by Melina 
et al (2002). Studies have demonstrated that individual genetic differences in 
enzyme alleles are linked to differing rates of alcohol metabolism to acetaldehyde 
and subsequent toxicity. Further research is necessary to really assess the 
enzyme differences in order to predict which patients are susceptible to 
acetaldehyde exposure. 
Tobacco has been known for years to be a carcinogen that causes 
numerous diseases including lung cancer. In terms of oral cancer it has been 
regarded as the primary factor for oral cancer, where alcohol simply amplifies the 
effects of tobacco according to Olsen et al (2000). Tobacco products are 
estimated to kill over five million people each year according to the CDC (2012). 
One of the main ways in which tobacco causes cancer is through the DNA repair 
p53 pathway. Disruption of this pathway can have disastrous effects on human 
cells. Even though tobacco awareness over the years has led to a decline in 
tobacco consumption it is still becoming more prevalent among younger 
populations. Education among young individuals is necessary to avoid further 
abuse in future populations. 
The combined effects of alcohol and tobacco have been reported to 
increase the risk of OPC in individuals by seven fold according to Olsen et al 
(2000) . Epidemiological studies have also demonstrated that the risk for alcohol 
and tobacco use is greater than the individual risks of each independently. 
Though the exact molecular mechanisms in which both substances affect the 
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structure and function of cells is unknown it is clear that on the molecular level 
they cause DNA damage or prevent DNA repair which leads to malformations in 
cellular structure. Further research is needed in order to truly understand how 
each individual substance is capable of disrupting cellular function and structure. 
In conclusion , the studies presented here indicate that OPC is a rising 
health concern. The direct cause of this increase has been shown to be due to 
increased abuse among younger individuals. Mutations in enzymes metabolizing 
alcohol are constantly being identified and will hopefully lead to better 
individualized treatment approaches according to Bosron et al. (1993). Tobacco 
has been shown to be the primary cause of by-product carcinogen release with 
alcohol serving as a secondary factor enhancing the effects of tobacco by 
increasing the permeability of the oral mucosa according to Ram et al. (1985) . 
OPC is a preventable disease. By improving outreach and education of the public 
on the cumulative effects of tobacco and alcohol, especially at the high school 
and college level, a change in usage can hopefully be brought about leading 
decreased OPC in all populations. 
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